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Abstract. β-Cryptoxanthin is a pro-vitamin A xanthophyll which often occurs in fruits and 
vegetables as esters with various fatty acids. Compared to free xanthophylls, the studies pointing out 
the antioxidant capacity of their esters are relatively scarce and the results are sometimes 
contradictory. The aim of this study was to investigate the effect of esterification with saturated and 
unsaturated fatty acids on the antioxidant capacity of β-cryptoxanthin compared to the free, non-
esterified form. β-cryptoxanthin myristate (BM), palmitate (BP), oleate (BO) and linoleate (BL) were 
obtained by acylation of β-cryptoxanthin (BC) with the corresponding acyl chlorides in dry pyridine, 
and purified by HPLC/PDA on a C30 reversed phase column. The antioxidant activities of free and 
esterified β-cryptoxanthin (20 µM) were determined by αTEAC and FRAP and DPPH assays adapted 
for lipophilic compounds. Free β-cryptoxanthin showed ferric reducing activity at the level of 3.6 mol 
α-tocopherol/mol and antioxidant capacity of scavenging the synthetic radical ABTS+ of 7.3 mol α-
tocopherol/mol. However the scavenging capacity of the DPPH radical was very low. BC myristate 
and palmitate had very similar values to the free form for all the assays. Slightly lower values were 
observed for β-cryptoxanthin oleate and linoleate.  
Esterification with saturated fatty acids did not significantly modify the ABTS·+ scavenging 
and the ferric reducing capacity of β-cryptoxanthin. No significant differences were found between the 
antioxidant activity of saturated and unsaturated esters, except for the lower ferric reducing capacity of 
β-cryptoxanthin linoleate.    
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INTRODUCTION    
 
Carotenoids are a family of lipophilic pigments comprising more than 750 
compounds. Up to 35 carotenoids (including geometrical isomers) could be identified in 
human plasma, among them, β-carotene, lycopene, lutein, β-cryptoxanthin and α-carotene 
represent more than 90 % (Breithaupt et al., 2003; Britton and Khachik, 2009). β-
cryptoxanthin is a pro-vitamin A xanthophyll which often occurs in fruits and vegetables as 
esters with various fatty acids. Rich sources of free and esterified β-cryptoxanthin are red 
chili, papaya, persimmon, tangerine, orange (Breithaupt and Bamedi, 2001). Esterification 
occurs during plant senescence and fruit ripening and it is associated with generation of 
chromoplasts (Hornero-Mendez and Minguez-Mosquera, 2000). Mostly, the xanthophylls are 
esterified with middle chain saturated fatty acids (C12-C18), but esters with unsaturated fatty 
acids were also reported (Breithaupt and Schwack, 2000; Khachik and Beecher, 1988).  
In human, carotenoid esters seem to be efficiently hydrolyzed before absorption 
because only free form of xanthophylls could be detected in human plasma after 
supplementation with esters. Due to their lipophilicity, the bioaccessibility of esters is 





Mosquera, 2005). Human subjects served with β-cryptoxanthin esters (from Carica papaya 
L.) or corresponding amount of free β-cryptoxanthin had similar values of β-cryptoxanthin in 
plasma. This finding indicates a comparable bioavailability of esterified and free xanthophylls 
and an efficient enzymatic cleavage of esters (Breithaupt et al., 2003). Beside their role as 
pigments or as vitamin A precursors, food rich in carotenoids are considered beneficial in the 
prevention of severe diseases like cancer, cardiovascular diseases, degenerative diseases, age-
related macular degeneration and cataract. The beneficial effects of carotenoids are often 
associated with their antioxidant properties but other mechanisms of protection may be 
involved (Krinsky and Johnson, 2005; Rao and Rao, 2007).  
β-cryptoxanthin has a stimulatory effect on bone calcification and on osteoblastic 
bone formation, but also an inhibitory effect on osteoclastic bone resorption in vitro. Its effect 
on gene expression of various protein related to bone homeostasis might indicate a preventive 
effect on bone loss in healthy humans or postmenopausal women (Yamaguchi, 2012). The 
antiproliferative properties of β-cryptoxanthin were proved on BGC-823 stomach cancer cells 
(Wu et al., 2013) and a modest increase in β-cryptoxanthin intake was associated with a 
reduced risk of developing inflammatory disorders in a population based prospective study of 
> 25 000 subjects (Pattison et al., 2005). 
Compared to free xanthophylls, the studies pointing out the antioxidant capacity of 
their esters are relatively scarce and were performed almost entirely on esters with saturated 
fatty acids (Fu et al., 2010; Perez-Galvez and Minguez-Mosquera, 2002; Subagio and Morita, 
2001). The aim of this study was to investigate the effect of esterification with both saturated 
and unsaturated fatty acids on the antioxidant capacity of β-cryptoxanthin compared to the 
free, non-esterified form.  
 
MATERIALS AND METHODS    
 
In order to obtain the fatty acids esters, free β-cryptoxanthin was purified from 
Physalis alkekengi sepals by open column chromatography on neutral alumina and then by 
HPLC method descrided below.  
The semi-synthesis of β-cryptoxanthin myristate (BM), palmitate (BP), oleate (BO) 
and linoleate (BL) was performed by the acylation of β-cryptoxanthin (BC) with the 
corresponding acyl chlorides in dry pyridine, according to the procedure described by 
Breithaupt and Bamedi (2001), and then purified by HPLC. Separation of carotenoids was 
performed using a Shimadzu LC20 AT high performance liquid chromatograph (HPLC) with 
a SPD-M20A diode array detector. An YMC C30 column (24 cm x 4.6 mm, 5 µm) and a 
gradient consisting of two solvents were used: solvent A: methanol: tert-butyl-methyl-ether: 
water (81:15:4) and solvent B: tert-butyl-methyl-ether: methanol: water (90:7:3). The gradient 
was: min 0–1 % solvent B, min 80–88 % B; min 81–100% B; min 90–1% B, followed by 
equilibration of column for 15 min. The flow rate was fixed at 1.0 ml/min and the DAD 
detector was set at 450 nm. Corrected absorption coefficients were used for quantification of 
β-cryptoxanthin fatty acids esters. The pure esters and free β-cryptoxanthin were dissolved in 
hexane (for αTEAC and FRAP) and in ethanol/hexane (1:1; v/v; for DPPH). The initial 
concentration was adjusted at 20 µM +/-0.2 µg/ml.   
The antioxidant activities of free and esterified β-cryptoxanthin were determined by 
αTEAC, FRAP and DPPH assays adapted for lipophilic compounds (Müller et al., 2011).  
The data had expressed as mean ± standard deviation (SD) from three replicates for 
each sample. In order to determine significant differences between values, analysis of 
variance (ANOVA) and Tukey’s multiple range tests were performed. Significance of 





RESULTS AND DISCUSSIONS    
 
The purity of esters resulted from semisynthesis (Fig.1) was not satisfactory and the 
esters were purified by HPLC (Fig. 2). In the chromatographic conditions used in this study 
the retention times recorded were: 27.7 min for β-cryptoxanthin; 53.9 min for β-cryptoxanthin 
myristate; 56.8 min for β-cryptoxanthin palmitate; 52.9 min for β-cryptoxanthin oleate and 
50.8 for β-cryptoxanthin linoleate. Despite the higher molecular mass, the esters with 
unsaturated fatty acids (BO, BL) showed lower retention times due to the increase in the 










Fig. 1. Semisynthesis of β-cryptoxanthin esters  
 
The antioxidant methods are divided into two groups according to the mechanism 
involved: single electron transfer (SET) and hydrogen atom transfer (HAT) (Huang et al., 
2005); but some others methods are known (Alam et al., 2013). In the present study, we have 
used three methods based on SET reaction: αTEAC, FRAP and DPPH. 
As can be observed in Figure 3, β-cryptoxanthin and its esters showed significant 
ferric reducing capacity and even higher ability to scavenge ABTS·+ radical. In the case of 
FRAP assay, the β-cryptoxanthin myristate and palmitate  have very close values (3.6 and 3.7 
mol α-TE/mol) to that of free β-cryptoxanthin (3.6 mol α-TE/mol). For β-cryptoxanthin oleate 
(3.4 mol α-TE/mol) and linoleate (3.1 mol α-TE/mol) the values were lower but a significant 
difference was recorded only for linoleate. The same pattern was observed for αTEAC assay, 
where the values for the esters with saturated fatty acids were much closed to that of the free 
xanthophyll.  
The ability to scavenge the ABTS·+ radical were lower but not significantly different 
for the esters with unsaturated fatty acids. All the tested compounds showed very low ability 
to scavenge DPPH·, with values between 0.1-0.15 mol α-TE/mol. Müller et al., (2011) reported 
no DPPH· scavenging activity for seventeen tested carotenes and xanthophylls. 
Carotenoids are efficient lipophilic antioxidants, acting as singlet oxygen quenchers 
and as scavengers of reactive oxygen intermediates (Krinsky and Johnson, 2005). The 
antioxidant capacity of carotenoids is mainly a consequence of the polyene chain, but the 
presence of different functional groups can improve the antioxidant efficiency (Perez-Galvez 































   







































































































































































































































































































Fig. 2. HPLC separation of free β-cryptoxanthin (a); β-cryptoxanthin linoleate -after synthesis (b);  
















































































Fig. 3. Antioxidant capacity of free and esterified β-cryptoxantin  
determined by TEAC and FRAP assays 
 
 
Free β-cryptoxanthin was found to be more effective than β-carotene in reducing 
ferric ions but showed similar values for the ability to scavenge ABTS·+ and peroxyl radicals 
generated by 2,2’-azobis(2-amidinopropane) dihydro-chloride (Müller et al., 2011). Perez-
Galvez and Minguez-Mosquera (2002) compared the antioxidant capacity of esterified and 
non-esterified xanthophylls against free radicals, using 2,2’-azo-bis-iso-butyronitrile (AIBN) 
as free radical initiating reagent. Working on a mixture of diesters, they found that the rate of 
degradation was higher for diesterified zeaxanthin than for the free xanthophyll and this 
behaviour was explained by the unsaturated nature of fatty acids (linoleic) that esterifies 
zeaxanthin. Contrarily, there were no difference in the degradation rate for capsanthin and 
capsorubin and their esters, which are mainly saturated. The authors stated that the presence 
of unsaturated fatty acids provide a more oxidative environment, accelerating the oxidation of 
carotenoids and, subsequently reducing the antioxidant capacity.  
Comparing free β-cryptoxanthin with its esters with saturated fatty acids (laurate, 
myristate, palmitate), Fu et al. (2010) showed that esterification might not affect antioxidant 
activity of β-cryptoxanthin against superoxide anion, hydroxide radical and singlet oxygen. 
Similar results were reported for saturated lutein monoesters (lutein monomyristate) and 
diesters (lutein dimyristate)(Subagio and Morita, 2001) and for fatty acids esters of capsanthin 
(Matsufuji et al., 1998). Astaxanthin mono and diesters (mainly with oleic acid) inhibited the 
lipid oxidation, acting as powerful antioxidants under both hydrophobic and hydrophilic 
conditions (Kobayashi and Sakamoto, 1999) 
The present study shows that esterification with linoleic acid (which contains two 
double bonds) determines a significant decrease of ferric reducing capacity compared to the 
free form, and a lower but not significant compared to β-cryptoxanthin oleate.  
However, the antioxidant capacity was not influenced by esterification with saturated 
fatty acids, under both methods used. At our knowledge, this is the first study reporting the 
antioxidant capacity of pure β-cryptoxanthin oleate and linoleate.  
Further studies are required to assess the antioxidant capacity of β-cryptoxanthin 
esters, using complementary methods, in order to establish the influence of fatty acid moiety 






CONCLUSION    
 
Esterification with saturated fatty acids did not significantly modify the ABTS·+ 
scavenging and the ferric reducing capacity of β-cryptoxanthin. No significant differences 
were found between the antioxidant activity of saturated and unsaturated esters, except for the 
lower ferric reducing capacity of β-cryptoxanthin linoleate.    
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